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(54) SERVER DEVICE AND VEHICLE

(57) A server device (2) includes: a server commu-
nication unit (21) configured to communicate with a ve-
hicle (1), and receive fallen object avoidance information
from the vehicle, the fallen object avoidance information
including position information on a fallen object and in-
formation indicating whether an avoidance operation was
performed by the vehicle for the fallen object; and a server
control unit (23) configured to determine, for the same

fallen object that is present at the same position, whether
the same fallen object should be avoided based on the
fallen object avoidance information, and notify a first fol-
lowing vehicle that the same fallen object should be
avoided when the server control unit determines that the
same fallen object should be avoided, the first following
vehicle being a vehicle that is traveling within a prede-
termined range behind the same fallen object.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a server device
and a vehicle.

2. Description of Related Art

[0002] There is an on-vehicle device that captures the
image of a road for detecting a fallen object on the road
by analyzing the image (for example, Japanese Patent
Application Publication No. 2007-323117 (JP
2007-323117 A)). The on-vehicle device described in
Japanese Patent Application Publication No.
2007-323117 (JP 2007-323117 A) (related art) sends the
information on a fallen object to a roadside device. When
the information on the fallen object is acquired from the
roadside device, the central management device notifies
the vehicles traveling near the fallen object about the
information on the fallen object.

SUMMARY OF THE INVENTION

[0003] Some fallen objects on a road should be avoid-
ed during traveling, while some others need not neces-
sarily be avoided (that is, fallen objects that do not cause
any problem when run over). However, in a configuration,
such as that of the above-described related art, in which
a fallen object is only detected using image analysis, a
fallen object that does not need to be avoided may be
detected, sometimes with the result that the information
on this fallen object is notified to the traveling vehicles.
Such a notification, when received by a vehicle, some-
times causes the driver to perform an unnecessary avoid-
ance operation.
[0004] The present invention provides a server device
and a vehicle.
[0005] A first aspect of the invention provides a server
device. The server device according to the first aspect
includes: a server communication unit configured to com-
municate with a vehicle, and receive fallen object avoid-
ance information from the vehicle, the fallen object avoid-
ance information including position information on a fall-
en object and information indicating whether an avoid-
ance operation was performed by the vehicle for the fallen
object; and a server control unit configured to determine,
for the same fallen object that is present at the same
position, whether the same fallen object should be avoid-
ed based on the fallen object avoidance information, and
notify a first following vehicle that the same fallen object
should be avoided when the server control unit deter-
mines that the same fallen object should be avoided, the
first following vehicle being a vehicle that is traveling with-
in a predetermined range behind the same fallen object.
[0006] A second aspect of the invention provides a ve-

hicle. The vehicle according to the second aspect in-
cludes: a communication unit configured to communicate
with a server device; a capturing device configured to
capture a road ahead of the vehicle; and a control unit
configured to associate, when the control unit detects
from a captured image that a first fallen object is present
on a lane in which the vehicle is traveling, position infor-
mation on the first fallen object with information indicating
whether an avoidance operation was performed for the
first fallen object, send the associated information to the
server device as fallen object avoidance information via
the communication unit, and receive a signal from the
server device via the communication unit, the signal in-
dicating that a second fallen object should be avoided.
[0007] A third aspect of the invention provides a vehi-
cle. The vehicle according to the third aspect includes: a
communication unit configured to communicate with oth-
er vehicles; a capturing device configured to capture a
road ahead of the vehicle; and a control unit configured
to associate, when the control unit detects from a cap-
tured image that a first fallen object is present on a lane
in which the vehicle is traveling, position information on
the first fallen object with information indicating whether
an avoidance operation was performed for the first fallen
object, send the associated information to a first vehicle
among the other vehicles as first fallen object avoidance
information via the communication unit, determine, when
second fallen object avoidance information is received
from a second vehicle among the other vehicles, whether
a second fallen object should be avoided based on the
second fallen object avoidance information, and notify a
driver of the vehicle that the second fallen object should
be avoided when it is determined that the second fallen
object should be avoided.
[0008] According to the present invention, road traffic
safety can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Features, advantages, and technical and indus-
trial significance of exemplary embodiments of the inven-
tion will be described below with reference to the accom-
panying drawings, in which like numerals denote like el-
ements, and wherein:

FIG. 1 is a functional block diagram of an information
processing system in one embodiment of the present
invention;
Fig. 2 is a diagram showing a situation in which a
vehicle detects a fallen object on a lane using a cap-
tured image;
FIG. 3 is a diagram showing an example of fallen
object avoidance information;
FIG. 4 is a diagram showing an example of informa-
tion stored in a server storage unit;
Fig. 5 is a diagram showing a situation in which a
vehicle notifies the following vehicle of a fallen object
that should be avoided;
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FIG. 6 is a diagram showing an example of a screen
for notifying about a fallen object; and
FIG. 7 is a sequence diagram of processing execut-
ed by the information processing system in this em-
bodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

[0010] An embodiment of the present invention will be
described in detail below with reference to the drawings.
[0011] FIG. 1 is an overall view of an example of an
information processing system S in this embodiment. The
information processing system S includes a vehicle 1 and
a server device 2. The vehicle 1 is, for example, an au-
tomobile but is not limited to it and may be any vehicle.
Although one vehicle 1 and one server device 2 are
shown in FIG. 1 for the ease of description, the informa-
tion processing system S may include one or more ve-
hicles 1 and one or more server devices 2. The vehicle
1 and the server device 2 are configured in such a way
that they can communicate with each other via a network
such as a mobile communication network or the Internet.
[0012] First, an overview of the information processing
system S in this embodiment will be described. The ve-
hicle 1 captures the road ahead of the vehicle 1. When
it is detected from the captured image that there is a fallen
object on the lane in which the vehicle 1 is traveling, the
vehicle 1 associates the position information on the fallen
object with the information indicating whether the avoid-
ance operation was performed for the fallen object. The
vehicle 1 sends the associated information to the server
device 2 as fallen object avoidance information. When
the fallen object avoidance information is received, the
server device 2 determines whether to avoid the fallen
object based on the fallen object avoidance information.
When it is determined that the fallen object should be
avoided, the server device 2 sends a signal to the follow-
ing vehicle, which is traveling within the predetermined
range behind the fallen object, to notify that the fallen
object should be avoided.
[0013] Thus, when determining whether to avoid a fall-
en object, the server device 2 in this embodiment uses
the information indicating whether the vehicle 1 actually
performed the avoidance operation. Using this informa-
tion makes it possible to determine more accurately
whether the fallen object should be avoided. Therefore,
the server device 2 can reduce the output of an incorrect
message that prompts the following vehicle to avoid a
fallen object that need not be avoided, improving road
traffic safety (for example, accidents are reduced). In ad-
dition, the information on a fallen object that should avoid-
ed is provided to the government. This makes it possible
to quickly remove the fallen object.
[0014] Returning to FIG. 1, the internal configuration
of each of the vehicle 1 and the server device 2 will be
described below in detail.
[0015] The vehicle 1 includes a capturing device 11, a
position information acquisition unit 12, a storage unit 13,

a control unit 14, and a communication unit 15.
[0016] The capturing device 11 includes the so-called
on-vehicle camera that captures the image of the road
ahead of the vehicle 1 (outside of the vehicle 1). The
capturing device 11 may generate the continuous image
of the road ahead of the vehicle 1 while the vehicle 1 is
moving or stationary and record the generated image in
the storage unit 13. Note that instead of the on-vehicle
camera, any communication terminal such as a smart-
phone may function as the capturing device 11.
[0017] The position information acquisition unit 12 in-
cludes one or more receivers corresponding to any sat-
ellite positioning system. For example, the position infor-
mation acquisition unit 12 may include a global position-
ing system (GPS) receiver. The position information ac-
quisition unit 12 detects the position information that in-
dicates the position at which the vehicle 1 is stopped or
traveling. The position information acquisition unit 12
may further include an electronic compass for acquiring
the information on the direction in which the vehicle 1 is
pointing.
[0018] The storage unit 13, in which various types of
information are recorded and stored, includes one or
more memories. The "memory" includes, but is not limited
to, a semiconductor memory, a magnetic memory, or an
optical memory. Each memory included in the storage
unit 13 may function as, for example, a main storage
device, an auxiliary storage device, or a cache memory.
The storage unit 13 stores any information related to the
operation of the vehicle 1. The storage unit 13 may store
the information on results produced by analysis and
processing by the control unit 14. The storage unit 13
may store the vehicle control program of the host vehicle
and various types of information related to the operation
or control of the vehicle 1.
[0019] The control unit 14 includes one or more proc-
essors. The "processor" may be a general purpose proc-
essor or a dedicated processor specialized for specific
processing. For example, an electronic control unit (ECU)
mounted on the vehicle 1 may function as the control unit
14. The control unit 14 controls the overall operation of
the vehicle 1. For example, the control unit 14 controls
the capturing device 11, the position information acqui-
sition unit 12, the storage unit 13 and the communication
unit 15 and, at the same time, controls all the operations
related to the traveling and operation of the vehicle 1.
For example, the control unit 14 can analyze an image
captured by the capturing device 11 and, as a result of
the analysis, detect a fallen object.
[0020] The communication unit 15 includes a commu-
nication module that performs communication between
the vehicle 1 and the server device 2. The communication
unit 15 may include, as necessary, a communication
module that performs inter-vehicle communication be-
tween the vehicle 1 and another vehicle not via the server
device 2. The communication unit 15 may include a com-
munication module for connection to the network or a
communication module conforming to mobile communi-
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cation standards such as the 4th generation (4G) and
the 5th generation (5G). For example, an on-vehicle com-
munication device mounted on the vehicle 1, such as the
data communication module (DCM), may function as the
communication unit 15.
[0021] The server device 2 includes a server commu-
nication unit 21, a server storage unit 22, and a server
control unit 23.
[0022] The server communication unit 21 includes a
communication module for communication between the
server device 2 and the vehicle 1 or for communication
between the server device 2 and a client (public office
system, etc.). The server communication unit 21 may in-
clude a communication module for connection to the net-
work. The server communication unit 21 can receive in-
formation sent from the vehicle 1 and, at the same time,
can send information or instructions to the vehicle 1. The
server communication unit 21 may receive, for example,
the position information on a fallen object and the fallen
object avoidance information from the vehicle 1. When
there are a plurality of the vehicles 1, the server commu-
nication unit 21 may receive the position information on
a fallen object and the fallen object avoidance information
from the plurality of the vehicles 1.
[0023] The server storage unit 22, in which various
types of information are recorded and stored, includes
one or more memories. The "memory" includes, but is
not limited to, a semiconductor memory, a magnetic
memory, or an optical memory. Each memory included
in the server storage unit 22 may function, for example,
as a main storage device, an auxiliary storage device, or
a cache memory. The server storage unit 22 stores, for
example, the information sent from the vehicle 1 (fallen
object avoidance information, captured image, etc.). The
server storage unit 22 may store the server control pro-
gram or various programs related to the overall operation
and control of the information processing system S.
[0024] The server control unit 23 includes one or more
processors. The "processor" may be a general purpose
processor or a dedicated processor specialized for spe-
cific processing. The server control unit 23 controls the
server communication unit 21 and the server storage unit
22. At the same time, the server control unit 23 performs
all the control operations for the overall operations of the
server device 2 and the information processing system
S. For example, the server control unit 23 can analyze
the information obtained from the vehicle 1 (e.g., fallen
object avoidance information) and, as a result of this anal-
ysis, determine whether to avoid a fallen object.
[0025] The processing performed by the vehicle 1 and
the server device 2 will be described in detail below. The
vehicle 1 uses the capturing device 11 to capture the
image of the road ahead of the vehicle 1. From the cap-
tured image, the vehicle 1 detects a fallen object F (see
FIG. 2) on the lane, in which the vehicle 1 travels, by any
object detection method. When a fallen object F is de-
tected, the vehicle 1 determines the relative positional
relationship between the vehicle 1 and the fallen object

F from the captured image. Then, from the relative posi-
tional relationship determined as described above and
the position information on the vehicle 1 acquired by the
position information acquisition unit 12, the vehicle 1 de-
termines the position of the fallen object F. Note that in-
stead of determining the position of the fallen object F as
described above, the vehicle 1 may also determine the
position of the vehicle 1 itself as the position of the fallen
object F.
[0026] After detecting the fallen object F, the vehicle 1
determines, via the control unit 14, whether the vehicle
1 performed the avoidance operation for the fallen object
F. Whether the avoidance operation was performed may
be determined based on whether at least one of the steer-
ing operation and the brake operation was performed.
[0027] The vehicle 1 establishes an association among
the following three: (1) the position information on the
fallen object F, (2) the information indicating whether the
avoidance operation was performed for the fallen object
F, and (3) the degree of the avoidance operation (for
example, high, low, etc.) for the fallen object. The vehicle
1 sends the information, associated as described above,
to the server device 2 as the fallen object avoidance in-
formation. The information on the degree of the avoid-
ance operation is optional. FIG. 3 shows several exam-
ples of the fallen object avoidance information. The
avoidance operation whose "Degree of avoidance oper-
ation" in FIG. 3 is "High" may include the sudden steering
operation and the sudden braking operation. The sudden
steering operation corresponds, for example, to a steer-
ing operation in which the "lateral acceleration is 0.25 G
or more" or the "yaw angular velocity is 8.5 deg./s or
more". The sudden braking operation corresponds, for
example, to a braking operation in which the "longitudinal
acceleration is -0.25 G or less". The vehicle 1 may send
the image captured by the capturing device 11, together
with the fallen object avoidance information, to the server
device 2.
[0028] There may be a plurality of the vehicles 1. Each
of the plurality of the vehicle 1 sends the fallen object
avoidance information such as the one described above.
[0029] The server device 2 receives the fallen object
avoidance information from the plurality of the vehicles
1 and stores the received information in the server stor-
age unit 22 as shown in FIG. 4. More specifically, the
server device 2 assigns an ID to each fallen object F. In
assigning an ID, the server device 2 determines that two
or more fallen objects F having the same position infor-
mation are the same fallen object and assigns the same
ID to those fallen objects. For each fallen object F to
which the same ID is assigned, the server device 2 counts
and stores the number of times the avoidance operation
was performed (This corresponds to "Number of per-
formed avoidance operations" in FIG. 4. The same ap-
plies hereinafter) and the number of times the avoidance
operation was not performed (This corresponds to
"Number of non-performed avoidance operations" in FIG.
4. The same applies hereinafter). Note that instead of
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using the counting method described above, the server
device 2 may add 1, not to "Number of performed avoid-
ance operations", but to "Number of non-performed
avoidance operations" when the avoidance operation
was performed but its degree is low (that is, when "De-
gree of avoidance operation" in FIG. 3 is "Low"). That is,
the server control unit may determine whether to avoid
a fallen object based further on the degree of the avoid-
ance operation.
[0030] Note that instead of assigning the same ID as
described above, the same ID may also be assigned to
a plurality of fallen objects as follows. That is, based on
the position information included in the fallen object
avoidance information, the server device 2 determines
whether there is a plurality of fallen objects within a pre-
determined distance. The predetermined distance is, for
example, 3 meters, but any distance may be used. In
addition, the server device 2 identifies, through image
analysis, the types of the plurality of fallen objects that
have been detected within the predetermined distance
(for example, tires, falling stones, cardboards, plastic
bags, cargo, etc.) and, based on result of this image anal-
ysis, determines whether there is a plurality of fallen ob-
jects of the same type. When there is a plurality of fallen
objects that belong to the same type, the server device
2 may determine that those fallen objects are the same
fallen object and assign the same ID to them.
[0031] For the same fallen object, the server device 2
calculates the ratio of the number of the vehicles 1 that
performed the avoidance operation to the total number
of the vehicles 1 that performed the avoidance operation
and the vehicles 1 that did not perform the avoidance
operation. When it is determined that the calculated ratio
is equal to or greater than a predetermined value, the
server device 2 determines that the fallen object should
be avoided. For example, for the fallen object F with the
ID of F1 shown in FIG. 4, the server device 2 determines
whether the ratio of the number of performed avoidance
operations (9) to the total number (10) of performed
avoidance operations (9) and non-performed avoidance
operations (1) (that is, 90%) is more than a predetermined
value.
[0032] The server device 2 determines that a fallen ob-
ject F having the ratio equal to or higher than a predeter-
mined value is a fallen object that should be avoided.
The predetermined value is, for example, 80%. When
the predetermined value is 80%, the server device 2 de-
termines that the fallen object F with the ID of Fl, shown
in FIG. 4, is a fallen object that should be avoided. Note
that the predetermined value need not always be 80%
but may be any other value. The processing to determine
whether a fallen object that should be avoided may be
performed by the server control unit 23.
[0033] When a fallen object F that should be avoided
is detected, the server device 2 detects a following vehi-
cle V, which is traveling in a predetermined range R be-
hind the fallen object F (see FIG. 5), by referring to the
position information obtained from the vehicles traveling

on each road. The following vehicle that is traveling in a
predetermined range behind the fallen object may be a
vehicle that is traveling toward the fallen object ahead in
the same lane and is within a predetermined distance
behind the fallen object as shown in FIG. 5. Note that
instead of a vehicle that is traveling in the same lane, the
following vehicle that is traveling in the predetermined
range behind the fallen object may also be a vehicle that
is traveling in one of the lanes of the road and is within
a predetermined distance behind the fallen object.
[0034] When a following vehicle traveling in a prede-
termined range behind the fallen object is detected, the
server device 2 notifies the following vehicle of the posi-
tion information on the fallen object that should be avoid-
ed and of the information indicating that the fallen object
should be avoided. The processing to notify the following
vehicle may be performed by the server control unit 23.
[0035] The following vehicle, which has received the
notification, may output a voice message or a screen
display to notify the driver that there is a fallen object in
the lane in which the vehicle is traveling. The screen dis-
play includes, for example, a display on the screen of the
navigation system or a display on the head-up display.
Note that instead of the voice message or the screen
display described above, the following vehicle may de-
termine the position of a fallen object from the position
information received from the server device 2 and display
a warning A, such as that shown in FIG. 6, on the display
unit. For example, as shown in FIG. 6, the warning A
includes, but is not limited to, the information on the po-
sition of the fallen object and a message indicating there
is the fallen object that should be avoided. The warning
A may further include, for example, a message prompting
the avoidance operation, the image of the fallen object,
or the type of the fallen object. To prevent driver’s dis-
traction, the following vehicle may display a summarized
or shortened display message on the display unit.
[0036] The following vehicle, when autonomous, may
be steered autonomously to avoid a fallen object that
should be avoided.
[0037] In addition to the function described above, the
server device 2 may have another function. That is, the
server device 2 determines, for each of a plurality of ad-
jacent lanes extending in the same direction, whether
there is a fallen object that should be avoided. The
processing to determine whether there is such a fallen
object may be performed by the server control unit 23.
The server device 2 may notify the following vehicle
traveling in the one of the other lanes about a lane that
is one of the plurality of lanes and has the smallest
number of fallen objects that should be avoided. The
processing to notify the following vehicle about such a
lane may be performed by the server control unit 23. The
following vehicle, when autonomous, may be steered au-
tonomously to travel in a lane with the least number of
fallen objects that should be avoided.
[0038] After notifying the following vehicle that there is
a fallen object that should be avoided, the server device
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2 may determine whether there is still the fallen object
that should be avoided by using an image that another
following vehicle has captured at the same position
where the fallen object was detected. When it is deter-
mined that there is no more the fallen object that should
be avoided, the server device 2 may send a notification,
which indicates that there is no more the fallen object, to
a vehicle that has been notified that the fallen object
should be avoided. The processing to send the notifica-
tion to a vehicle, which has been notified that the fallen
object should be avoided, may be performed by the serv-
er control unit 23.
[0039] FIG. 7 shows a sequence diagram of the oper-
ation performed at an arbitrary time by the information
processing system S in this embodiment.

Step S1: The vehicle 1 determines whether a fallen
object is detected from the captured image of the
road ahead of the vehicle 1.
Step S2: When a fallen object is detected from the
captured image (Yes in step S1), the vehicle 1 as-
sociates the position information on the fallen object
with the information indicating whether the avoid-
ance operation was performed by the vehicle 1 for
the fallen object. The vehicle 1 sends the associated
information to the server device 2 as the fallen object
avoidance information.
Step S3: The server device 2 receives the fallen ob-
ject avoidance information from the vehicle 1.
Step S4: The server device 2 determines, based on
the fallen object avoidance information, whether the
same fallen object that is present at the same posi-
tion should be avoided. The description of the deter-
mination method, which has been described above,
is omitted here.
Step S5: When it is determined that the fallen object
should be avoided (Yes in step S4), the server device
2 notifies the following vehicle, which is traveling
within a predetermined range behind the fallen ob-
ject, that the fallen object should be avoided.
Step S6: After notifying that there is the fallen object
that should be avoided, the server device 2 deter-
mines whether there is still the fallen object.
Step S7: When it is determined that there is no more
the fallen object (No in step S6), the server device 2
notifies a vehicle, which has been notified that the
fallen object should be avoided, that there is no more
the fallen object.

[0040] As described above, when determining whether
to avoid a fallen object, the server device 2 in this em-
bodiment uses the information indicating whether the ve-
hicle 1 actually performed the avoidance operation. Us-
ing this information makes it possible to determine more
accurately whether the fallen object should be avoided.
Therefore, the server device 2 can reduce the output of
an incorrect message that prompts the following vehicle
to avoid a fallen object that need not be avoided, improv-

ing road traffic safety. In addition, the information on a
fallen object that should avoided is provided to the gov-
ernment. This makes it possible to quickly remove the
fallen object.
[0041] In addition, the server device 2 in this embodi-
ment calculates the ratio of the number of the vehicles 1
that performed the avoidance operation to the total
number of the vehicles 1 that performed the avoidance
operation and the vehicles 1 that did not perform the
avoidance operation. When it is determined that the cal-
culated ratio is equal to or greater than a predetermined
value, the server device 2 determines that the fallen ob-
ject should be avoided. This allows the server device 2
to statistically determine whether the avoidance opera-
tion is necessary, making it possible to determine wheth-
er to avoid more accurately.
[0042] For each of a plurality of adjacent lanes in the
same direction, the server device 2 in this embodiment
determines whether there is a fallen object that should
be avoided. Based on this determination, the server de-
vice 2 notifies the following vehicle of a lane that is one
of the plurality of lanes and has the smallest number of
fallen objects that should be avoided. That is, the server
device 2 notifies the following vehicle of a lane with the
smallest number of fallen objects that should be avoided
and is therefore relatively safe. This notification guides
the following vehicle to a lane that is relatively safe, fur-
ther improving road traffic safety.
[0043] When a first fallen object and a second fallen
object are present within a predetermined distance and
they belong to the same type, the server device 2 in this
embodiment determines that the first fallen object and
the second fallen object are the same fallen object. The
processing to determine that the first fallen object and
the second fallen object are the same fallen object may
be performed by the server control unit 23. Therefore,
even if the first fallen object (for example, a plastic bag)
is moved to another position when touched by a traveling
vehicle or blown away by wind and, as a result, the first
fallen object is detected as the second fallen object that
is seemingly different from the first fallen object, the serv-
er device 2 determines that these two fallen objects are
the same fallen object. Based on this determination, the
server device 2 combines the two pieces of fallen object
avoidance information, one for the first fallen object and
the other for the second fallen object, into one. The fallen
object avoidance information, generated correctly in this
way, allows the server device 2 to determine more accu-
rately as to whether to avoid a fallen object.
[0044] After it is determined that a fallen object should
be avoided, the server device 2 in this embodiment de-
termines whether there is still the fallen object that should
be avoided, using an image that the following vehicle 1
has captured at the same position where the fallen object
was detected. The processing to determine whether
there is still the fallen object may be performed by the
server control unit 23. When it is determined that there
is no more the fallen object that should be avoided, the
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server control unit 23 sends a notification, which indicates
that there is no more the fallen object, to a vehicle that
has been notified that the fallen object should be avoided.
That is, when a notification was once sent to the following
vehicle to indicate that there was a fallen object that
should be avoided but the fallen object is no more
present, the server device 2 notifies the following vehicle
of this condition. Such a notification eliminates the need
for the driver of the following vehicle, who was once no-
tified of the presence of the fallen object and is not yet
aware that the fallen object is no more present, to perform
unnecessary avoidance operations that might otherwise
be performed. Thus, the server device 2 can further im-
prove road traffic safety.
[0045] Although the present invention has been de-
scribed with reference to the drawings and embodiments,
it should be noted that those skilled in the art can easily
make various changes and modifications based on the
present disclosure. Therefore, it is to be noted that these
changes and modifications are within the scope of the
present invention. For example, it is possible to relocate
the functions included in each unit or each step in such
a way that they are not logically contradictory, and it is
possible to combine a plurality of units or steps into one
or to divide a plurality of units or steps.
[0046] For example, in the embodiment described
above, the vehicle 1 sends the fallen object avoidance
information to the server device 2. However, in another
embodiment, the vehicle 1 may send the fallen object
avoidance information to another vehicle, communicably
connected to the vehicle 1, not via the server device 2.
Another vehicle may be, for example, a following vehicle
that is traveling within a predetermined range behind the
fallen object such as the vehicle described in the above-
mentioned embodiment. When the fallen object avoid-
ance information is received from another preceding ve-
hicle, the vehicle 1 may add its own fallen object avoid-
ance information, generated by the vehicle 1, to the re-
ceived fallen object avoidance information and, then,
send the resulting fallen object avoidance information to
the following vehicle. In this way, the fallen object avoid-
ance information may be accumulated each time it is sent
to the following vehicle. In addition to the function de-
scribed above, the vehicle 1 may have another function.
That is, when the fallen object avoidance information is
received from another preceding vehicle, the vehicle 1
may determine whether to avoid the fallen object in the
same way as the server device 2 determines whether to
avoid the fallen object in the embodiment described
above. When it is determined that the fallen object should
be avoided, the vehicle 1 may notify the following vehi-
cle’s driver that the fallen object should be avoided. This
notification may be output as a voice message or a screen
display via the communication terminal of the following
vehicle’s driver or may be output as a voice message or
a screen display via the terminal provided in the following
vehicle. In this embodiment, the control unit 14 may be
configured, when it is detected from the captured image

that a fallen object is present on the lane in which the
vehicle is traveling, to associate position information on
the fallen object with information indicating whether an
avoidance operation was performed for the fallen object
and to send the associated information to another vehicle
as the fallen object avoidance information via the com-
munication unit. The control unit 14 may also be config-
ured, when the fallen object avoidance information is re-
ceived from another vehicle, to determine whether the
fallen object should be avoided based on the fallen object
avoidance information and, when it is determined that
the fallen object should be avoided, to notify a driver of
the vehicle that the fallen object should be avoided.
[0047] In the embodiment described above, the server
device 2 notifies the following vehicle of the position in-
formation on a fallen object that should be avoided and
the information indicating that the fallen object should be
avoided and then, the following vehicle, which has re-
ceived this notification, notifies the driver of the presence
of the fallen object via a voice message or a screen dis-
play. In another embodiment, the server device 2 notifies
the following vehicle of the position information on a fallen
object that should be avoided and the information indi-
cating that the fallen object should be avoided and then,
not the following vehicle, but the server device 2 may
notify the communication terminal of the following vehi-
cle’s driver of the presence of the fallen object via a voice
message or a screen display.
[0048] In the embodiment described above, the server
device 2 detects the types of a plurality of fallen objects
that are present within the predetermined distance
through image analysis and, based on the result of the
image analysis, determines whether the types of the plu-
rality of fallen objects are the same. In another embodi-
ment, not the server device 2 but the control unit 14 of
the vehicle 1 may analyze the image captured by the
capturing device 11 and, based on the result of the anal-
ysis, determine whether the types of a plurality of fallen
objects are the same. In this case, the fallen object avoid-
ance information, sent from the vehicle 1 to the server
device 2, includes the information on the type.
[0049] A configuration is also possible in which any
vehicle functions as the vehicle 1 in the embodiment de-
scribed above. More specifically, a program describing
the processing for implementing the functions of the ve-
hicle 1 in this embodiment is stored in the memory of any
vehicle so that the program is read for execution by the
processor of the vehicle. Similarly, a configuration is also
possible in which a general-purpose information
processing device, such as a computer, functions as the
server device 2 in the embodiment described above.
Therefore, the invention according to this embodiment
may also be implemented as a program that can be ex-
ecuted by a processor.
[0050] The control unit 14 may be configured, when it
is detected from a captured image that a fallen object is
present on the lane in which the vehicle is traveling, to
associate position information on the fallen object with
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information indicating whether an avoidance operation
was performed for the fallen object and to send the as-
sociated information to the server as fallen object avoid-
ance information via the communication unit. The control
unit 14 may also be configured to receive a signal, which
indicates that the fallen object should be avoided, from
the server via the communication unit.
[0051] Also, the present invention may be realized with
the embodiments described below.
[0052] One aspect of the present invention may pro-
vide a server control method performed by a server de-
vice configured to communicate with a vehicle via a serv-
er communication unit. The server control method may
include: receiving fallen object avoidance information
from the vehicle, the fallen object avoidance information
including position information on a fallen object and in-
formation indicating whether an avoidance operation was
performed by the vehicle for the fallen object; determin-
ing, for the same fallen object that is present at the same
position, whether the fallen object should be avoided
based on the fallen object avoidance information; and
notifying a following vehicle that the fallen object should
be avoided when it is determined that the fallen object
should be avoided, the following vehicle being a vehicle
that is traveling within a predetermined range behind the
fallen object.
[0053] Another aspect of the present invention may
provide a non-transitory storage medium storing a server
control program for execution on a server device config-
ured to communicate with a vehicle via a server commu-
nication unit. The server control program may cause the
server device to execute: receiving fallen object avoid-
ance information from the vehicle, the fallen object avoid-
ance information including position information on a fall-
en object and information indicating whether an avoid-
ance operation was performed by the vehicle for the fallen
object; determining, for the same fallen object that is
present at the same position, whether the fallen object
should be avoided based on the fallen object avoidance
information; and notifying a following vehicle that the fall-
en object should be avoided when it is determined that
the fallen object should be avoided, the following vehicle
being a vehicle that is traveling within a predetermined
range behind the fallen object.
[0054] Another aspect of the present invention may
provide a vehicle control method performed by a vehicle.
The vehicle may include a capturing device, a commu-
nication unit, and a control unit. The vehicle may be con-
figured to communicate with another vehicle via the com-
munication unit. The vehicle control method may include:
capturing a road ahead of the vehicle using the capturing
device; when it is detected from a captured image that a
fallen object is present on a lane in which the vehicle is
traveling, associating position information on the fallen
object with information indicating whether an avoidance
operation was performed for the fallen object and sending
the associated information to another vehicle as fallen
object avoidance information via the communication unit;

and when fallen object avoidance information is received
from another vehicle, determining whether a fallen object
should be avoided based on the fallen object avoidance
information and, when it is determined that the fallen ob-
ject should be avoided, notifying a driver of the vehicle
that the fallen object should be avoided.
[0055] Another aspect of the present invention may
provide a non-transitory storage medium storing a vehi-
cle control program for execution on a vehicle. The ve-
hicle may include a capturing device, a communication
unit, and a control unit. The vehicle may be configured
to communicate with another vehicle via the communi-
cation unit. The vehicle control program may cause the
vehicle to execute: capturing a road ahead of the vehicle
using the capturing device; when it is detected from a
captured image that a fallen object is present on a lane
in which the vehicle is traveling, associating position in-
formation on the fallen object with information indicating
whether an avoidance operation was performed for the
fallen object and sending the associated information to
another vehicle as fallen object avoidance information
via the communication unit; and when fallen object avoid-
ance information is received from another vehicle, deter-
mining whether a fallen object should be avoided based
on the fallen object avoidance information and, when it
is determined that the fallen object should be avoided,
notifying a driver of the vehicle that the fallen object
should be avoided.

Claims

1. A server device (2) comprising:

a server communication unit (21) configured to

communicate with a vehicle (1), and
receive fallen object avoidance information
from the vehicle, the fallen object avoidance
information including position information
on a fallen object and information indicating
whether an avoidance operation was per-
formed by the vehicle for the fallen object;
and

a server control unit (23) configured to

determine, for the same fallen object that is
present at the same position, whether the
same fallen object should be avoided based
on the fallen object avoidance information,
and
notify a first following vehicle that the same
fallen object should be avoided when the
server control unit determines that the same
fallen object should be avoided, the first fol-
lowing vehicle being a vehicle that is
traveling within a predetermined range be-
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hind the same fallen object.

2. The server device according to claim 1, wherein
whether the avoidance operation was performed is
determined based on at least one of a steering op-
eration and a braking operation.

3. The server device according to claim 1 or 2, wherein
the server control unit is configured to determine that
the same fallen object should be avoided when the
server control unit determines that a ratio of the
number of vehicles that performed the avoidance op-
eration for the same fallen object to the total number
of: i) vehicles that performed the avoidance opera-
tion for the same fallen object; and ii) vehicles that
did not perform the avoidance operation for the same
fallen object, is equal to or greater than a predeter-
mined value.

4. The server device according to any one of claims 1
to 3, wherein
the server control unit is configured to

determine, for each of a plurality of adjacent
lanes extending in the same direction, whether
there is a fallen object that should be avoided
on each of the plurality of adjacent lanes, and
notify a second following vehicle of a lane that
is one of the plurality of adjacent lanes and that
has a smallest number of fallen objects that
should be avoided.

5. The server device according to any one of claims 1
to 4, wherein
the server control unit is configured to determine that
a first fallen object and a second fallen object are the
same fallen object when the first fallen object and
the second fallen object are present within a prede-
termined distance and belong to the same type.

6. The server device according to any one of claims 1
to 5, wherein
the server control unit is configured to

determine, after the server control unit deter-
mines that the fallen object is a target fallen ob-
ject that should be avoided, whether there is still
the target fallen object by using an image that a
third following vehicle has captured at the same
position where the target fallen object was
present, and
when it is determined that there is no more the
target fallen object that should be avoided, send
a notification to a vehicle that has been notified
that the target fallen object should be avoided,
the notification indicating that there is no more
the target fallen object.

7. The server device according to any one of claims 1
to 6, wherein
the fallen object avoidance information further in-
cludes a degree of the avoidance operation, and
the server control unit is configured to determine
whether to avoid the fallen object based further on
the degree.

8. A vehicle (1) comprising:

a communication unit (15) configured to com-
municate with a server device (2);
a capturing device (11) configured to capture a
road ahead of the vehicle; and
a control unit (14) configured to

associate, when the control unit detects
from a captured image that a first fallen ob-
ject is present on a lane in which the vehicle
is traveling, position information on the first
fallen object with information indicating
whether an avoidance operation was per-
formed for the first fallen object,
send the associated information to the serv-
er device as fallen object avoidance infor-
mation via the communication unit, and
receive a signal from the server device via
the communication unit, the signal indicat-
ing that a second fallen object should be
avoided.

9. A vehicle (1) comprising:

a communication unit (15) configured to com-
municate with other vehicles;
a capturing device (11) configured to capture a
road ahead of the vehicle; and
a control unit (14) configured to

associate, when the control unit detects
from a captured image that a first fallen ob-
ject is present on a lane in which the vehicle
is traveling, position information on the first
fallen object with information indicating
whether an avoidance operation was per-
formed for the first fallen object,
send the associated information to a first
vehicle among the other vehicles as first fall-
en object avoidance information via the
communication unit,
determine, when second fallen object
avoidance information is received from a
second vehicle among the other vehicles,
whether a second fallen object should be
avoided based on the second fallen object
avoidance information, and
notify a driver of the vehicle that the second
fallen object should be avoided when it is
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determined that the second fallen object
should be avoided.
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